I
gA nephropathy is the most prevalent chronic glomerulonephritis in the world. 1, 2 This disease was initially described in 1968, with the first clinical series reported in the mid-1970s. [3] [4] [5] [6] Although end-stage renal disease (ESRD) and surrogate markers for renal dysfunction (e.g., doubling of serum creatinine) have been frequently used as outcome markers for the disease, the clinical course after reaching ESRD has not been well documented except in studies that describe recurrence of IgA nephropathy after kidney transplantation. 7, 8 We investigated the clinical course of IgA nephropathy for almost 4 decades in a cohort of patients in the southeastern United States. [9] [10] [11] The present study examined the outcomes of progression to ESRD and age at death for patients identified in our earlier studies. Increased mortality compared with that in the general population was described for patients with IgA nephropathy in Korea 12 and Norway 13 , but neither study estimated the years of lost life expectancy. We found a 10-year decrease in life expectancy for the patients in our cohort.
METHODS

Patients and Clinical Data
The Institutional Review Board of the University of Tennessee Health Sciences Center approved the study. Patient and kidney survival of 251 adults from central and eastern Kentucky who were diagnosed with IgA nephropathy by renal biopsy between January 1, 1976 and December 31, 2005 were analyzed. Diagnosis of IgA nephropathy was based on the presence of IgA as the dominant or co-dominant Ig in a predominantly mesangial distribution by direct immunofluorescence on renal biopsy and the lack of clinical or serological evidence for systemic lupus erythematosus, cirrhosis of the liver, vasculitis, or Henoch-Schoenlein purpura. 9 Seventy-nine percent of the patients were diagnosed by private practice nephrologists at community hospitals, whereas the remaining 21% had their renal biopsy at an academic medical center (University of Kentucky Medical Center, Lexington, Kentucky). Ninety-five percent were admitted for the sole indication of a diagnostic renal biopsy. Nine patients had their biopsy during an admission in which dialysis was initiated, and 3 patients had a biopsy during an admission for another problem. Patients diagnosed in the first 2 decades of the study were included in a previous epidemiologic study. 10 Patients referred from outside of the region for renal transplantation were excluded from this study.
Blood pressure, serum creatinine, and urinary protein excretion (expressed as grams per 24 hours) were documented at the time of diagnosis. The estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.
14 Hypertension was defined by treatment with $1 antihypertensive medications or measured blood pressure >140/90 mm Hg. Diabetes was determined by treatment with insulin or an oral hypoglycemic agent when IgA nephropathy was diagnosed.
Survival Data
The National Death Index and United States Renal Data System were used to establish date of death and date of progression to ESRD, respectively. The average number of years of life remaining at the time of diagnostic renal biopsy was determined for each patient using U.S. Decennial Life Tables from the National Vital Statistics Report, Centers for Disease Control and Prevention. These tables provided specific survival data by state (Kentucky), race, age, gender and decade. Tables for 1979 to 1981, 1989 to 1991, and 1999 to 2001 were used for patients with biopsies performed for 1976 to 1985, 1986 to 1995, and 1996 to 2005, respectively. Expected age at death for each patient was defined as the age at biopsy plus the average years of life remaining from the time of biopsy. The observed patient survival was based on actual age at death for 97 patients and the age at study endpoint of December 31, 2015 for the 154 living patients. The median loss of life in years was defined as the median expected patient survival minus the observed patient survival.
Statistical Analysis
All data analyses were performed with SAS/STATv14.1 (SAS Institute Inc., Cary, North Carolina). Descriptive statistics, including means and SDs, and proportions were generated for the continuous and categorical variables for the overall sample by survival status. Kaplan-Meier product-limit survival curves were generated for the follow-up time and age to the overall observed and expected survival and time to death. Equality of survivor functions among these groups was compared using univariate Cox proportional hazard models. Associations between survival risk (progression to death) and clinical covariates of interest were tested using multivariate Cox proportional hazards regression models. Hazard ratios (HRs) and 95% confidence intervals were calculated for each covariate to estimate the magnitude of the risk. All P values were 2-sided and were considered significant at the a ¼ 0.05 level.
RESULTS
Clinical features of our cohort at the time of renal biopsy and their associations with the outcome of death are shown in Table 1 . Mean age at diagnosis was 36.9 years. Most patients were men (69%) and Caucasian (95%). Hypertension was present at time of diagnostic biopsy for 130 (52%) patients, and 43 of these patients were treated at the time of diagnostic biopsy with renin angiotensin system (RAS) blockade by an angiotensinconverting enzyme inhibitor or angiotensin receptor blocker. Most of those treated with RAS blockade were diagnosed in the second half of the study (i.e., after 1995). Only 3 patients were treated with an immunosuppressive agent before diagnosis. Fifteen patients had diabetes mellitus type 1 or type 2 at the time of diagnosis. No other co-morbidity was documented at diagnosis in >2% of the patients. Less than one-half (46%) of the patients had an eGFR $60 ml/min per 1.73 m 2 at the time of diagnosis. Outcomes for ESRD and death at study endpoint of December 31, 2015 are shown in Figure 1 . There were 5290 person-years from time of biopsy to time of death or study endpoint for 251 patients. Mean follow-up time from biopsy to death or end of the study was 19.3 years. Of these 251 patients, 132 (53%) progressed to ESRD and 97 (39%) died. Clinical data from within 1 year of study endpoint were available for only 19% of the living patients who did not progress to ESRD. Median follow-up from diagnosis for those with incomplete clinical data was 7.6 years, and 24% had <2 years of clinical follow-up. Patients with incomplete clinical data were more likely than those with complete data to have chronic kidney disease CKD stage 4 or 5 at last visit (P ¼ 0.045; Fisher's exact test).
Of those who progressed to ESRD, 53 were managed with dialysis only, and 79 had $1 kidney transplantations. Median time from onset of dialysis to death was 5.5 years for the dialysis-only patients. The 50% allograft survival interval for first renal transplantation was 10.5 years. Twenty-two patients had 2 kidney transplants, and 1 patient had 3 kidney transplantations.
Kaplan-Meier curves for kidney survival and death for our entire cohort are shown in Figure 2 . For kidney survival, the patients who died before reaching ESRD were censored at the time of death (i.e., time of death considered as last follow-up). Ten-year kidney survival was 60.1%. There was 50% kidney survival of 18.1 years, and 50% mortality occurred 31.0 years after diagnosis of IgA nephropathy.
Univariate Cox proportional hazard models (Table 2) showed that time from diagnostic biopsy until death was highly associated with CKD stages 4 and 5, and 24-hour urinary protein excretion >3 g (all P < 0.001) at the time of diagnosis. Kaplan-Meier curves for CKD stage and 24-hour urinary protein excretion are shown as Supplementary Figures S1 and S2.
Multivariate analysis (Table 3) showed significant associations between time from diagnostic biopsy to death for age at diagnosis (HR: 1.06; P < 0.001), CKD stage 4 (HR: 3.71; P ¼ 0.007), CKD stage 5 (HR: 5.22; P ¼ 0.001), and 24-hour urinary protein $3 g (HR: 2.18; P ¼ 0.032).
The median age at death for the patients was 65.7 years compared with age at death predicted at the time of kidney biopsy of 75.8 years. Thus, the reduction in life expectancy was 10.1 years ( Table 4) . None of the 97 deceased patients surpassed their predicted life expectancy from time of biopsy. The median loss of life for the deceased patients was 19.5 years (range: 3.5À47.2 years). For the entire cohort, 18.5% (47 patients) died >20 years before their predicted age of death.
Data for treatment after diagnosis with RAS blockade, fish oil, corticosteroids, nonsteroidal immunosuppressive agents are included in Supplementary Tables S1, S2, and S3.
DISCUSSION
We found that median life expectancy was reduced by 10 years in patients diagnosed with IgA nephropathy in central and eastern Kentucky. A potential limitation of this estimate was that the age for surviving patients was censored at study end on December 31, 2015. If all the surviving patients could be followed until the end of life, the difference between true age at death and predicted age for death life expectancy might differ from our prediction.
The clinical severity at diagnosis with respect to eGFR, degree of proteinuria, and presence of hypertension appeared comparable to other North American cohorts, although survival rates differed among these cohorts. [15] [16] [17] [18] The age at diagnosis of 36.9 years and 10-year renal survival of 60.1% in our study was almost identical to that in the Toronto cohort (37.0 years; 61.6%). 17 In contrast, a cohort from the Mayo Clinic showed no significant difference in frequency of death compared with that expected in the general population (97% vs. 97% at 5 years from diagnosis and 89% vs. 94% at 10 years). 15 The better patient survival in the Mayo cohort might have been due to the shorter mean duration of follow-up of only 6.3 years.
The presence of diabetes at diagnosis was not associated with shorter time from biopsy to death with both univariate analysis and multivariate analysis. This finding was surprising and might be due to the small number of patients with diabetes in this study. A possible effect of diabetes on survival deserves further study in a larger cohort of patients with IgA nephropathy. CKD stages 4 or 5 were likely much stronger risk factors for shortening the time to death than having diabetes at diagnosis in our cohort.
Renal survival and mortality rates differed substantially between geographic regions. Geddes et al. 17 documented substantial variability in the 10-year renal survival in patients with IgA nephropathy across 3 continents, ranging from 95.7% in Helsinki, to 87.0% in Sydney, 63.9% in Glasgow, and 61.6% in Toronto. When age, eGFR, urinary protein excretion, and blood pressure at diagnosis were considered, this variability appeared to relate mostly to lead-time bias because centers with better survival had more patients with mild disease.
Korean and Norwegian studies also appeared to show better overall patient survival than that in our patients. 12 12 The authors concluded that the overall mortality for patients with IgA nephropathy was higher than that of the general population. Compared with our cohort, the Korean patients were younger and had a better eGFR at diagnosis, which suggested an earlier identification of disease. 12 Decreased access to preventative care, which resulted in delayed diagnosis, might be important in our cohort because patients in the United States do not have access to the universal health care that is available in Korea and Norway.
Patients with early manifestations of IgA nephropathy, such as persistent microscopic hematuria or recurrent episodes of visible hematuria in concomitance with an upper respiratory tract infection, should have early referral to a nephrologist. The development of new treatments combined with an early initiation during the course of disease may be the best way to prevent or slow the progression to ESRD. 19 With early diagnosis and effective therapy, life expectancy will likely be lengthened.
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